 This research focuses on making double-layer complex wrapped yarn using stainless steel fiber (S), rayon yarn, and PET bamboo charcoal yarn in rotor twister. During the process, the twisting speed of the rotor twister was changed. The functional complex thermal-regulating/wicking conductive wrapped yarn of different twisting speeds (2~6 turns/cm) were fabricated using the Fully Computerized Hosiery Machine. The effects of different twisting speeds on the far-infrared emissivity, air permeability, and water absorption of the functional complex thermal-regulating/wicking conductive wrapped yarn were discussed. In the end, the functional knitted fabrics and hosiery with thermal-regulating/wicking conductive properties were made.
INTRODUCTION
As technology advances, high technology and new functional fiber material have been developed. People's demand for clothing is now more than just health and protection. They expect fashionable clothing as well as comfortable and functional clothing [1] [2] . Clothing with only one function can no longer satisfy people's expectation. While people are surrounding by all kinds of electronic products that bring them quick and convenient life, the number of negative issues such as static and EM wave have increased. The issues bring people harm and become important factors to consider while pursuing for fashion [3] [4] . Electromagnetic waves damage the nervous system, cardiovascular system, and temperature control system of the human body and inhibit many functions of other systems as well as reducing the number of platelets and white blood cells in the blood [5] [6] . In order to slow down or reduce the damages, functional yarns and knitted fabrics that shield electromagnetic waves have been produced and introduced to minimize the negative effects.
Bamboo charcoal has been reported with plenty of attributes and functions, like deodorization, anions, electromagnetic shielding effectiveness, low surface resistivity, antibacterial, humid adjustment, absorption, far infrared ray emission, and so on. Thus, people start paying attention to it and use it in casual wears, under wears, socks, insoles, protective outfits and etc. [7] [8] [9] . Bamboo charcoal possesses the ability to absorb and emit far infrared rays of 4-14 µm, an amount upon which all living creatures on Earth are dependent. Far infrared rays have even been deemed to be as vital as light and are easily absorbed by the human body, assisting with heat preservation and peripheral blood circulation [10] . Bamboo charcoal is also used in the biomedical field. Hamada et al. studied the effects of far infrared rays on Hela cells and WI-38 cells, and proved that far infrared ray emission at around body temperature effectively inhibited the growth of tumor cells in vivo [11] .
Therefore, the far infrared ray advantage and the deodorizing function of PET bamboo charcoal yarn, the wicking property of the rayon yarn, and the conductive property of the stainless steel filament are applied in the research to design and develop hosiery that has the above mentioned functions. The aim of the research is to use the hosiery made in the research in industrial knitted fabric and hosiery.
EXPERIMENTAL

Materials
Stainless steel filament (Yuan Company Limited, Taiwan) is ψ50 μm, 316type. PET bamboo charcoal yarn (Hua Mao Nano-Tech Co., Ltd, Taiwan) is 150D. Rayon yarn (Tah Tong Textile Co., Ltd., Taiwan) is 32S. Polyester stretch yarn (Ing-Ling Enterprises Co., Ltd., Taiwan) is 75D.
Method
First, the weaving-used rotor twister was used to twist and wrap stainless steel filament (core yarn) and rayon yarn (wrapped-yarn). The wrapping number (2~7 turns/cm) was changed during the process to make complex wrapped yarn. Then, the yarn tensile and elongation tests were carried out to get the optimum complex stainless steel(S)/Rayon(R) wrapped yarn.
From the previous experiment conducted by the researcher, it is understood that the best breaking strength and the greatest elongation were gained at 5 turns/cm [12] . Therefore, the complex stainless steel/rayon wrapped yarn of the wrapping number was applied in the research to carry out secondary wrapping processing. The complex stainless steel/rayon yarn (5 turns/cm) was used as the wrapped yarn, and the PET bamboo charcoal yarn was used as the core yarn. The wrapped yarn and the core yarn were processed using the rotor twister. The twisting speed of the rotor twister was altered to control the wrapping number (2~6 turns/cm) to make the functional complex stainless steel /Rayon/PET bamboo charcoal wrapped yarn. The polyester stretch yarn (bottom yarn) was added to the complex stainless steel /Rayon/PET bamboo charcoal wrapped yarn to fabricate the complex thermal-regulating/wicking conductive hosiery in the Fully Computerized Hosiery Machine (DK-B318-8). The far -infrared emissivity, air permeability, and water absorption properties were tested to gain the best experimental parameters. The optimal functional thermal-regulating/wicking conductive hosiery were then made.
TESTS
Far-Infrared Emissivity
This test follows FTTS-FA-010 and uses a far infrared emissivity tester (TSS-5X, Japan Sensor Corporation, Japan). The detection head randomly detects the quality of far infrared emissivity of the samples, and compares the value with the blackbody radiation (0.94). Twenty samples of each specification are evaluated for the mean.
Air Permeability
The TEXTEST FX3300 (GO-IN International Co., Ltd., Germany) evaluates the air permeability of knitted fabrics as specified in ASTM D737-04. Twenty samples of each specification and measure 25 cm × 25 cm are used for this test.
Water Absorption
The water absorption warp-wise and weft-wise of knitted fabrics is tested as specified in CNS-13752. Ten samples of each specification have a size of 20 cm × 2.5 cm: five samples are taken warp-wise and the other five samples are taken weft-wise. The water absorption test is measured for 10 minutes and the length the water travels upwards is recorded to have the mean. Figure 1 shows the far infrared emissivity outcome when changing the wrapping number (2~6 turns/cm) of the complex stainless steel/rayon wrapped yarn (5 turns/cm). The core yarn was PET bamboo charcoal yarn. From the results, it is known that the far infrared emissivity of the five complex thermal-regulating/wicking conductive knitted fabrics were all above 0.8ɛ, meaning the far infrared emissivity was effective. The hosiery structures were all similar, and the wrapped yarn all contained bamboo charcoal fiber. Therefore, it is known that the far infrared emissivity of all five fabrics would be similar. Figure 2 shows the air permeability outcome when changing the wrapping number (2~6 turns/cm) of the complex stainless steel/rayon wrapped yarn (5 turns/cm). The core yarn was PET bamboo charcoal yarn. From the results, it is known that as the number of turns of the core yarn increased, the air permeability of the five complex thermal-regulating/wicking conductive knitted fabrics also increased. As increasing the wrapping number would increase the cohesive force of the yarn while increasing the wrapping force between the yarns, the air permeability would therefore increase. Figure 3 shows the wicking speeds of the five complex thermal-regulating/wicking conductive knitted fabrics. The result shows the wicking speed did not change significantly even as the number of turns of the wrapped yarn increased. In average, the warp hosiery had better wicking property. When changing the wrapping number of warp to 3 turns/cm, the better wicking property was obtained. Moreover, when changing the wrapping number of course to 4 turns/cm, the better wicking property was obtained. In accordance to the Specified Requirements of Moisture Transferring and Quick Drying Textiles by Committee for Conformity Assessment of Accreditation and Certification on Functional and Technical Textiles) (FTTS), the knitted fabrics were graded. From Table 1 , it is understood that the wicking properties of the five knitted fabrics were all Grade 3. The test results has reached the research goal, showing great wicking property. Note. When the distance (X) that the water travels is lower than 50 mm, the water absorbency is at grade 1 and is classified as fine. When it is 50≦X﹤100, the water absorbency is at grade 2 and is classified as good. When X is no less than 100 mm, the water absorbency is at grade 3 and is classified as excellent.
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CONCLUSION
The research successfully fabricates thermal-regulating/wicking conductive knitted fabrics using functional complex wrapped yarn. The wrapping numbers of stainless steel/rayon wrapping yarn and the PET bamboo charcoal core yarn were changed from 2~6 turns/cm in the research. The far infrared emissivity of the five functional complex knitted fabrics were all above 0.8ɛ, meaning they all reach effective far infrared emissivity. From the results of the air permeability test, it is understood that as the wrapping number increases, the air permeability increases slightly. At the wrapping number of 6 turns /cm, the best value of 104 cm 3 /s /cm 2 can be gained.
In terms of the hosiery water absorption, as the number of turns of the wrapping yarn increases, the water absorption property does not increase as proportioned. In average, wrap knitted fabrics has better water absorption. The water absorption of the wrap knitted fabrics in the research is leveled Grade 3. The test result reaches the research aim, showing great water absorption.
